Around 20% of invasive breast carcinoma are oestrogen receptor alpha (ER) negative. Theoretically, this negativity could be either due to the result of downregulation of ER expression in the tumour cells, or the result of the tumour being derived from or differentiating towards cells which normally lack that expression. Normal basal, including myoepithelial, cells of the breast are ERnegative. CD10, smooth muscle actin and S100 are markers of these basal cells that can be used for their demonstration in routinely processed sections. This study was aimed at comparing the incidence of positivity for three myoepithelial markers in ER-negative and ER-positive invasive breast carcinoma. We have examined sections of 117 cases of breast carcinoma, including 77 ER-negative and 40 ER-positive cases, for the expression of CD10, smooth muscle actin and S100, using the avidin-biotin complex immunoperoxidase technique. A tumour was considered positive if more than 10% of the tumour cells were positively stained. In all, 36 (47%) ER-negative tumours were positive for one or more of these myoepithelial markers. The percentage of positively stained tumour cells varied between 30 and 100%. Of the 40 ER-positive tumours, only three (8%) were positive; two for S100 and one for actin, with none being positive for CD10. If cases stained only with S100 are excluded, as some of these may represent luminal differentiation, definite myoepithelial differentiation seems to be present in 29% (22/77) of ER-negative tumours as compared with 2.5% (1/40) of ER-positive tumours; a difference which is highly significant (Po0.001). It is suggested that at least 29% of ER-negative invasive breast carcinomas may be derived from or differentiating along the direction of basal nonconventional luminal epithelial breast cells that normally lack the expression of ER but totally or partially express various myoepithelial markers. Such tumours might need a different therapeutic approach.
Around 20% of invasive breast carcinoma are oestrogen receptor alpha (ER) negative. [1] [2] [3] This ER negativity is not the result of mutations in the coding region of the ER gene. 4 Thus, theoretically this negativity could be either the result of downregulation of ER expression in the tumour cells, or the result of the tumour being derived from cells which normally lack that expression. Normal basal, including myoepithelial, cells of the breast are ERnegative. 5, 6 CD10, 7, 8 smooth muscle actin 9,10 and S100 11 are markers of these basal cells that can be used for their demonstration in routinely processed paraffin sections. Normal luminal breast epithelial cells are usually negative for these three markers. [5] [6] [7] [8] [9] [10] [11] This study was aimed at comparing the incidence of positive staining for the above-mentioned three myoepithelial markers in ER-negative and -positive invasive breast carcinoma, to investigate the possibility that differentiation along myoepithelial lines plays a role in imparting ER negativity on some breast carcinomas.
Materials and methods
Sections of 117 selected cases of female invasive breast carcinomas were examined. These included 77 consecutive ER-negative and 40 consecutive ERpositive cases, as assessed immunohistochemically (see below). For each case, all archival haemotoxylin and eosin-stained sections were reviewed concerning the histological type and tumour grade. The latter was assessed using Elston and Ellis's criteria. 12 Tumour size and axillary lymph node status, when available, were obtained from the patient's histological report. Sections stained for ER, which is carried out routinely in our department, were also reviewed to confirm the receptor status of the tumour. New sections were then cut from the paraffin block corresponding to a representative section of the tumour, for the immunohistochemical tests done for this study.
For ER assessment, we use the avidin-biotin complex immunoperoxidase (ABC) technique and the monoclonal antibody 1D5 (Dako Ltd, Cambridgshire, UK) in a concentration of 1:100. An antigen retrieval step, using a pressure cooker, is carried out before applying the primary antibody. 13 All ERnegative cases selected for this study were completely devoid of any positive nuclear staining of tumour cells. ER-positive cases had at least 10% positively stained tumour cells, with the majority having 100% positive nuclear staining.
The ABC technique was also used for the demonstration of the three myoepithelial markers CD10, smooth muscle actin and S100. The antibodies used, their concentrations and source are shown in Table 1 . CD10 was demonstrated after an antigen retrieval step using a pressure cooker. No antigen retrieval step was used for the other two antibodies. A tumour was considered positive if more than 10% of the tumour cells were positively stained.
Statistical analysis was carried out using the T and w 2 -tests.
Results
The 77 patients with ER-negative tumours varied in age between 29 and 84 years with a mean age of 56. 2 (714.93) years. For the 40 patients with ER-positive tumours, the ages varied between 31 and 90 years with a mean of 58.8 (715.81) years, respectively. The difference in age between the two groups is not significant (P ¼ 0.3695, Table 2 ). The ER-negative tumours varied in size between 2 and 130 mm with a mean of 25.3 mm (721.67), while the ER-positive lesions had a size range of 8-50 mm with a mean of 17.7 (78.62) mm, the difference is statistically significant (P ¼ 0.008, Table 2 ).
The great majority of the tumours in the two groups were of the invasive ductal type (94% (72/ 77) of ER-negative, and 88% (35/40) of ER-positive ones). The remaining tumours were of histological special types. In the ER-negative group these included 3 medullary/atypical medullary, one invasive apocrine and one adenoid cystic carcinoma. The special types in the ER-positive group included four invasive lobular and one tubular/cribriform. On the other hand, the ER-negative tumours included a significantly higher percentage of grade 3 lesions. Thus, of the 77 ER-negative tumours, 63 (82%) were grade 3, 13 (17%) grade 2 and only one (1%), the adenoid cystic carcinoma, was grade 1. For the 40 ER-positive tumours, only four (10%) were grade 3, 25 (62%) grade 2 and 11 (28%) were grade 1 (Po0.001, Table 2 ).
Information about axillary lymph node status was available for 65 patients with ER-negative tumours and 28 with ER-positive tumours. The number of lymph nodes examined in these cases varied between four and 42. Axillary lymph node metastases were present in 55% (36/65) of patients with ER-negative tumours, compared with 32% (9/28) of those with ER-positive lesions. The difference is statistically significant (P ¼ o0.05, Table 2 ).
CD10
CD10 positivity was indicated by dark-brown cell membrane and cytoplasmic staining. Myoepithelial cells in normal ducts and acini, as well as in benign cysts, were CD10 strongly positive (Figure 1a) . Luminal epithelial cells were negative. In all, 12 out of 77 (16%) ER-negative tumours were CD10 positive ( Figure 2 ). The percentage of positively stained tumour cells varied between 30 and 100%. One more ER-negative tumour showed CD10 expression in 10% of tumour cells but this was considered negative. None of the 40 ER-positive tumours was considered CD10 positive, as the percentage of stained tumour cells in the only case that showed such a staining did not exceed 10%. The difference between the staining in the two groups is statistically significant (Po0.01). Myoepithelial markers in breast carcinoma R Kesse-Adu and S Shousha CD10-positive stromal staining was sometimes seen in negative and positive tumours, but not in normal breast stroma. The 12 CD10-positive tumours included 11 invasive ductal (nine grade 3 and two grade 2) and one atypical medullary carcinoma. The patients varied in age between 37 and 84 years, and the tumours varied between 15 and 30 mm in maximum dimension. Axillary lymph node metastases were present in nine out of 11 patients (82%) on whom axillary dissection was carried out. CD10 was not detected in any of the four invasive lobular carcinomas examined nor in the single cases of invasive apocrine, adenoid cystic or tubular/cribriform tumours. None of the 12 CD10-positive cases expressed smooth muscle actin, but four expressed S100.
Smooth Muscle Actin
Positivity was indicated by dark-brown cytoplasmic staining. Myoepithelial cells surrounding normal ducts and acini and cysts were positively stained as well as the walls of blood vessels. Normal luminal epithelial cells were negative (Figure 1b) .
In all, 11 tumours showed positive staining in more than 10% of the tumour cells. These included 10 out of 77 (13%) ER-negative and one out of 40 (3%) ER-positive cases; the difference is not statistically significant (Po0.1). All 11 actin-positive cases were CD10 negative, but eight (73%) were S100 positive. The patients with actin-positive tumours varied in age between 33 and 70 years, and the tumours varied in size between 10 and 32 mm. Axillary node metastases were present in three out of eight patients (38%), on whom axillary dissection was carried out. In all, 10 of the actinpositive tumours were invasive ductal (nine grade 3 and one grade 2) and one was adenoid cystic ( Figure  3 ). The most extensive staining, almost 100% of tumour cells, was seen in the only case of a grade 3 invasive ductal carcinoma with large central scar (ring carcinoma), 3 included in this study (Figure 4 ).
S100
Positivity was indicated by dark-brown cytoplasmic and sometimes nuclear staining. Most myoepithelial cells around normal ducts and acini were positively stained, while normal luminal epithelial cells were mostly negative (Figure 1c ). Occasional groups of normal-looking acini with positively stained epithelial cells were seen in some cases (Figure 1d) , and normal ducts with negatively stained myoepithelial cells were sometimes seen. S100 positivity was seen in 28 tumours including 26 out of 77 (34%) ER-negative and two out of 40 (5%) ER-positive cases; the difference is statistically significant (Po0.001). The patients with S100-positive tumours varied in age between 33 and 70 years and the tumours varied in size between 10 and 52 mm. Metastatic carcinoma was present in the axillary lymph nodes in 14 out of the 25 (64%) patients in whom axillary dissection was carried out. In all 26 of the tumours were invasive ductal (23 grade 3, two grade 2 and one grade 1), and two were medullary/atypical medullary. Four of the 28 tumours (14%) were CD10-positive and eight (29%) were smooth muscle actin positive, including the ring carcinoma.
Overall Expression of the Three Markers
Expression of one or more myoepithelial marker was seen in 36 out of 77 (47%) ER-negative tumours, and in three out of 40 (8%) ER-positive tumours (Table 3) . The difference between the expression in the two tumour types is highly significant (Po0.001). Only one myoepithelial marker was expressed in 24 ERnegative and three ER-positive tumours. Two markers were expressed in 12 ER-negative and in none of the ER-positive tumours. No individual tumours in this study expressed all the three myoepithelial markers tested.
Discussion
Two main findings come out of this study. First, there is a high incidence of myoepithelial markers' expression in ER-negative compared with ER-positive tumours. Second, there is a divergence of expression of the three myoepithelial markers employed in this study in individual tumours.
Of the three markers used, S100 was the most frequently detected, although the staining was usually focal and its intensity variable. In all, 28 out of the 117 tumours examined (24%) showed Myoepithelial markers in breast carcinoma R Kesse-Adu and S Shousha positive staining in more than 10% of the tumour cells. This percentage is lower than the 44-84% previously reported. [14] [15] [16] The difference is probably related to our use of a cut-off point of 10% positive tumour cells before considering a case being positive; a threshold which was not used in the other studies. In our view, using this cutoff point is useful, as the presence of a few scattered positive cells was not unusual, and a cutoff point is commonly used when interpreting most immunohistochemical results of breast carcinoma. On using this threshold, the great majority of S100-positive breast carcinomas were ER negative (26 out of 28, 93%). However, only 12 of the 28 tumours (43%) also stained with one of the other two myoepithelial markers used (eight with actin and four with CD10). This together with the fact that S100 has been seen in this, and other 14, 16 studies to occasionally stain luminal epithelia cells, suggest that some of these cases, especially those with no simultaneous actin or CD10 staining, may be exhibiting a particular luminal, rather than myoeithelial, cell differentiation. As the majority of these tumours were ER negative, it is possible that this 'particular' luminal differentiation is devoid of ER expression. The absence of S100 staining in eight CD10-positive and three actin-positive cases, probably reflects the fact, which was also noted in this and other studies, 16 that not all myoepithelial cells stain positively with S100.
The number of cases staining for CD10 and smooth muscle actin was more limited, but these are the most likely cases with more definite myoepithelial differentiation. Neither CD10 7, 8 nor smooth muscle actin 9, 10 has been shown previously, or in this study, to stain luminal epithelial cells. If the cases positive with these two antibodies are considered together, this would mean that 22 out of the 77 ER-negative tumours (29%) showed strong evidence of myoepithelial differentiation, and 10 of these 22 were also positive for S100. In contrast, only one ER-positive case, out of 40 (2.5%) was stained for actin, and none stained for CD10; a difference which is clearly highly significant (Po0.001). This would lead us to suggest that around a third of ER negative invasive breast carcinomas could possibly be ER negative because they are derived from cells differentiating along myoepithelial lines.
Until recently, myoepithelial cells of the breast were thought to be rather inert with no active role in neoplasia. It is now accepted that myoepithelial cells can be involved in a variety of breast neoplasms. The best recognised are the myoepitheliomas and adenomyoepitheliomas, but there are a few others. Myoepitheliomas (myoepithelial carcinomas) are thought to be extremely rare malignant tumours composed entirely of neoplastic myoepithelial cells which can be spindle shaped [17] [18] [19] or clear, 20, 21 and stain positively for cytokeratin, smooth muscle actin 20 and S100 18, 20, 21 and are ERand PgR negative. 17 A more recent molecular study of 10 cases from British and Italian patients demonstrated genetic alterations involving chromosomes 11, 16 and 17. 22 Adenomyoepitheliomas are relatively more common neoplasms that consist of two distinct epithelial and myoepithelial elements. 18, 23, 24 These lesions are mostly benign and three patterns have been described: spindle cell, tubular and lobulated. 18 A combination of patterns may coexist in the same lesion, and the epithelial elements may undergo metaplastic changes including apocrine, mucinous, squamous or sebaceous. 18 Immunohstochemically, both epithelial and myoepithelial elements are keratin positive, with the latter elements also positive for smooth muscle actin and S100. 25, 26 Malignant change may occur within these lesions. 18, [27] [28] [29] Adenoid cystic carcinoma a third tumour that can occur in the breast, is thought to be derived from myoepithelial cells, and is usually smooth muscle actin and S100-positive and ER negative. 30 There has also been another two distinct tumour types described in the literature with myoepithelial differentiation: one described as a poorly differentiated myoepithelial cell-rich carcinoma, 31 and the other as high-grade invasive ductal carcinoma with large central acellular zones with myoepithelial differentiation. 32 We have found out that the latter tumour is usually ER negative. 3 We suggest that the above list of myoepithelialrelated breast neoplasms is not inclusive, and that there are probably other invasive breast carcinomas that are currently included within the group of 'invasive ductal, not otherwise specified' which are ER negative and show immunohistochemical evidence of myoepithelial, or other basal cell differentiation. Such tumours may be worth identifying separately as they probably need a different therapeutic approach. The 'high-grade ductal carcinoma with extensive central scar' (ring carcinoma), may be one of these lesions that is becoming gradually more defined morphologically and clinically, 3, [32] [33] [34] in spite of the absence of an agreed name. Further analysis of more cases may lead to the identification of other distinct subtypes. One of these potential subtypes could be the grade 3 invasive ductal carcinoma with extensive comedo necrosis (invasive comedo carcinoma), which we have previously noted to be always ER negative. 3 In the current study, we had four of such cases, all were CD10 negative, but two were S100 positive and one was smooth muscle actin positive ( Figure 5 ).
It has to be added here that we only had a few cases in which the total neoplastic population within the tumour stained positively with one or more of the myoepithelial markers (Figures 2 and 3) . In the majority of cases, there was a mixture of positive and negative cells as previously explained. This would support the emerging evidence of the existence of a bipotent mammary progenitor or stem cell capable of differentiating along luminal and myoepithelial lines. 35, 36 If this is the case, it is interesting that both of these elements in the great majority of the cases examined in this study (36/39, 92%) were ER negative.
Another point of interest which is difficult to explain is the dichotomy of CD10 and smooth muscle actin expression in the tumours studied. Both markers were uniformly present in normal myoepithelial cells, but we have not seen any individual cases of carcinomas that stain with both markers. The proteins identified by the two markers are probably different, and it seems that although they are both present in normal cells, they become exclusively separated with malignant transformation. This suggests the presence of more than one pathway for such transformation and the presence of more than one type of transformed neoplastic myoepithelial/basal cells. This is further supported by the variety of staining combinations noted in the studied tumours with the three markers (Table 3) . This dichotomy of expression was also noted, to some extent, in stromal myofibroblasts, which tended to be more commonly and extensively stained with smooth muscle actin rather than CD10, although positive staining with the latter was noted in several cases in this as well as in other studies. 8, 37 In this respect, recent studies have suggested the existence of more than one type of myofibroblasts in breast lesions, which vary in their expression of smooth muscle actin and CD34. 38 It has to be added here, that it would be interesting to compare the staining results of the recently introduced nuclear myoepithelial cell marker p63 39 with the more established cytoplasmic markers for these cells in a future study.
Our study also shows that the incidence of lymph node metastasis was highest in patients with CD10-positive tumours (9/11; 82%), followed by those with S100-positive lesions (14/25; 64%) and lowest in those with tumours expressing smooth muscle actin (3/8; 38%). More cases have to be examined and clinical follow-up analysed before making definite conclusions about the apparent high aggressiveness of CD10-positive breast carcinomas.
It is concluded that at least 29%, and possibly up to 47%, of ER-negative invasive breast carcinomas may be derived from or show differentiation in the direction of basal nonluminal epithelial mammary cells that normally lack the expression of ER but express CD10, smooth muscle actin or S100. Such tumours might need a different, more specific therapeutic approach. 
